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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to packaged electronic 
devices such as packaged integrated circuit chips. In 
particular, the invention relates to manufacture of a 
substrate-based packaged electronic device in which 
encapsulant is formed over the electronic device, such 
that excess encapsulant can be removed without damaging 
the packaged electronic device. 

2 . Related Art 

As integrated circuits have become more complex, a 
need has arisen for a packaged integrated circuit 
having a large number of high density, reliable 
external package connections. It is also desirable to 
include in a packaged integrated circuit one or more 
conductive layers for signal routing and/or provision 
of ground and/or power planes. To meet these needs, 
the ball grid array has been developed. 

Figure 1 is a cross-sectional view of a typical 
ball grid array 100. A semiconductor die 101 is 
attached to a surface (die attach surface) 102a of a 
substrate 102, e.g., a printed circuit board (PCB) , 
with adhesive (not shown) . Electrically conductive 
bond pads (not shown) on the die 101 are connected with 
electrically conductive bond wires 103 to electrically 
conductive traces 102b and/or electrically conductive 
regions (not shown) formed on the die attach surface 
102a of the substrate 102. Electrically conductive 
vias 102c are formed through the substrate 102 from the 
traces 102b and/or regions on the die attach surface 
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102a to a surface (mounting surface) 102d of the 
substrate 102 opposite the die attach surface 102a. 
Electrically conductive traces 102e formed on the 
mounting surface 102d extend to solder pads 102 f formed 
5 on the mounting surface 102d. One of a plurality of 
solder bumps 104 are formed on each of the solder pads 
102f . The solder bumps 104 are reflown to attach the 
substrate 102 to a larger mounting board (not shown) . 
An encapsulant 105 such as plastic is formed to 

10 enclose the semiconductor die 101, the bond wires 103 
and a portion of the die attach surface 102a of the 
substrate 102 including most of the traces 102b and/or 
regions. The vias 102c are outside the encapsulant 
105. The encapsulant 105 is frequently formed by an 

15 injection or transfer molding process. 

It would be desirable to use conventional two- 
piece molding equipment to form the encapsulant over 
the die in a ball grid array. Two-piece molding 
equipment is already widely used for plastic 

20 encapsulation of other semiconductor devices. Thus, 
use of two-piece mold equipment reduces manufacturing 
costs since a large amount of such equipment is already 
in place in manufacturing facilities and the associated 
processes are well understood. Further, the use of 

25 two-piece molding equipment can easily be, and has 

been, automated, thus reducing manufacturing costs even 
more . 

Figures 2 A and 2B are cross-sectional views of a 
conventional two-piece mold 201. Figure 2A is viewed 
30 along sectional line 2B-2B of Figure 2B. Figure 2B is 
viewed along sectional line 2A-2A of Figure 2A. 

The mold 201 includes a first mold section 202 
(upper mold section as shown in Figure 2A) and a second 
mold section 203 (lower mold section as shown in Figure 
35 2A) . A recess 203a is formed in the lower mold section 
203 in which a substrate 206 is positioned. A 
semiconductor die 207 is attached to the substrate 206. 
A cavity 202a is formed in the upper mold section 202 
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so that when the upper mold section 202 and the lower 
mold section 2 03 are brought into contact, the 
semiconductor die 2 07 is positioned within the cavity 
202a. 

5 The lower mold section 203 is formed with a pot 

203b in which a pellet of solid encapsulant 205 is 
placed. The upper mold section 202 is formed with a 
hole 2 02d through which a transfer ram 204 movably 
extends. The transfer ram 2 04 is positioned above the 

10 encapsulant 2 05 in the pot 203b. A runner 2 02b in the 
upper mold section 202 extends from the hole 202d to 
the cavity 202a. 

Though not shown completely in Figures 2A and 2B, 
another runner 202e can extend from the hole 202d 

15 opposite the location from which the runner 202b 

extends. The runner 202e extends to a cavity (not 
shown, but diametrically opposed, in one embodiment, to 
cavity 2 02a) which encloses a die (not shown) that is 
attached to a substrate (not shown) mounted in a recess 

20 (not shown) in the lower mold section 2 03, in the same 
manner as described above. Though two runners 203b and 
203e are shown in Figure 2A, any appropriate number of 
runners can extend from hole 2 02d to other cavities 
such as cavity 2 02a, i.e., one, three or more. 

25 Further, the mold 201 can include a plurality of pots, 
each pot having one or more runners extending to one or 
more cavities as described above. 

After the substrate 206 is positioned in the 
recess 203a of the lower mold section 203, the 

30 encapsulant 205 is positioned in the pot 203b, and the 
upper mold section 202 and the lower mold section 2 03 
are brought into contact with each other. Then the 
transfer ram 204 is moved (down in Figure 2A) through 
the hole 202d to compress the encapsulant 205. The 

35 mold 200 and encapsulant 205 are pre-heated so that 
when the transfer ram 204 compresses the encapsulant 
205, the liquefied encapsulant 205 is forced through 
the runner 202b to fill the cavity 202a. After the 
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encapsulant 205 fills the cavity 202a, the encapsulant 
205 is cured to harden, forming a packaged device. The 
transfer ram 204 is withdrawn, the upper mold section 
202 and the lower mold section 203 are separated and 
5 the packaged device including substrate 206 is removed 
from the lower mold section 203. 

As is apparent from inspection of Figures 2A and 
2B, when the packaged device including substrate 206 is 
removed from the lower mold section 203, the 

10 encapsulant 205 not only encloses the die 207 ("package 
encapsulant") , but also extends along the surface of 
the substrate 206, where the runner 202b was located, 
and into the pot 203b. The excess encapsulant, i.e., 
encapsulant other than that necessary to enclose the 

15 die 207, must be removed. However, when the excess 

encapsulant is peeled away from the substrate surface, 
the encapsulant adheres to the substrate surface, 
twisting the substrate and tearing or rupturing the 
substrate surface, thereby causing damage to the 

2 0 packaged device which can be cosmetic (e.g., marring of 
the substrate surface) and/or functional (e.g., 
fracturing of the substrate; destruction of the 
electrically conductive traces on the substrate 
surface; tearing away of the solder mask on the 

2 5 substrate surface to undesirably expose, for instance, 

copper; and/or weakening or breaking of the seal 
between the encapsulant and the substrate surface) . 

Further, in production, it is desirable to 
integrally form a plurality of substrates in a strip 

3 0 having alignment holes that are located on tooling pins 

of a fixture, so that the packaging process (including 
encapsulation) can be automated. The excess 
encapsulant must be removed from the strip prior to 
further processing since, if left attached to the 
3 5 strip, the excess encapsulant extends past the edge of 
the strip prohibiting automated handling in subsequent 
processes. Adherence of the excess encapsulant to the 
substrate during removal of the excess encapsulant may 
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cause torquing of the strip that distorts the strip and 
renders the strip unusable for further processing. 

Thus, standard two-piece molds cannot currently be 
used for forming encapsulant over substrate-based 
5 packaged electronic devices as described above. 

Presently, the encapsulant for such devices is formed 
over the die using either a three-piece mold, or a 
modified two-piece mold such as is illustrated in U.S. 
Patent 4,954,308 to Yabe et al. 

10 Figure 3 is a cross-sectional view of one type of 

three-piece mold 301. The mold 301 includes a first 
mold section 302 (upper mold section as shown in Figure 
3), a second mold section 303 (lower mold section as 
shown in Figure 3), and a gate plate 308. A recess 

15 303a is formed in the lower mold section 303 in which a 
substrate 306 is positioned. A semiconductor die 307 
is attached to the substrate 306. The gate plate 308 
is positioned in the recess 303a on the substrate 306 
to surround the die 307 and define a cavity 308a that 

20 is formed when the upper mold section 302 and the lower 
mold section 303 are brought into contact. 

Similarly to the mold 201 described above, the 
lower mold section 303 includes a pot 303b in which a 
pellet of solid encapsulant 305 is placed. Runners 

25 303c and 308b are formed in the lower mold section 303 
and the gate plate 308, respectively, to extend from 
the pot 303b to the cavity 308a. A transfer ram 304 is 
moved (down in Figure 3) through a hole 302a in the 
upper mold section 302 to compress the encapsulant 305 

30 and force the encapsulant 305 through the runners 303c 
and 308b to fill the cavity 308a. The encapsulant 305 
hardens, the transfer ram 304 is withdrawn, the upper 
mold section 3 02 and the lower mold section 303 are 
separated, the gate plate 308 is removed, and the 

35 packaged device including substrate 306 is removed from 
the lower mold section 303. 

The use of the gate plate 308 enables the excess 
encapsulant associated with the runners 303c and 308b 
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to be kept off of the surface of the substrate 306, 
i.e., the mold 301 is top-gated. Thus, the excess 
encapsulant can be separated from the package 
encapsulant that encloses the die 307 without damaging 
5 the packaged device. 

However, the use of the three-piece mold 301 is 
costly and presents additional problems. First, it is 
difficult - if not impossible - to automate a molding 
process using the three-piece mold 301. Consequently, 

10 the throughput, i.e., number of electronic devices 

encapsulated per unit time, is decreased significantly 
as compared to a conventional two-piece mold. Thus, 
use of a three-piece mold is not viable for use in high 
volume production. Additionally, it is not possible to 

15 form a radius at the top corner of the package 

encapsulant, shown as 3 05a in Figure 3, with a three- 
piece mold. Such a radius is helpful in removing the 
packaged device from the mold. Finally, though molding 
using corner gating is desirable because corner gating 

2 0 provides the best mold cavity filling profile, it is 
not practical to use corner gating with a three-piece 
mold. N 

SUMMARY OF THE INVENTION 

2 5 According to the invention, an electronic device 

mounted on a substrate is encapsulated using a 
conventional two-piece mold. A novel degating region 
formed on a surface of the substrate bonds weakly with 
the encapsulant, relative to the bond formed between 

30 the encapsulant and the substrate, allowing removal of 
excess encapsulant formed on the substrate surface 
during molding without damaging the remainder of the 
packaged electronic device. 

The degating region is provided without 

35 introducing additional steps into the process for 
forming the packaged electronic device. This is 
because the material of the degating region is the same 
material and is applied at the same time as material 
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used to plate other electrically conductive material 
formed on the substrate. Thus, the invention provides 
good degating at no additional cost. 

The presence of the degating region eliminates the 
5 necessity of using a three-piece or modified two-piece 
mold to achieve top gating in order to degate without 
damaging the packaged electronic device. Consequently, 
the problems associated with three-piece and modified 
two-piece molds, such as low throughput and increased 

10 mold complexity, are avoided. Further, the method 

according to the invention allows the large amount of 
existing two-piece mold equipment to be used, thus 
reducing production costs. Either conventional or 
automatic two-piece molds can be used with the 

15 invention. 

A substrate-based packaged electronic device 
according to the invention includes a substrate, an 
electronic device attached to a first surface of the 
substrate, and encapsulant formed on the first surface 

20 of the substrate to enclose the electronic device. The 
encapsulant material and the degating region material 
that contacts the encapsulant are chosen such that the 
adhesive force between the encapsulant material and the 
degating region material is less than the adhesive 

25 force between the encapsulant material and the 

substrate material. Preferably, the adhesive force 
between the encapsulant material and the degating 
region material is less than one half the adhesive ' 
force between the encapsulant material and the 

30 substrate material and, most preferably, approximately 
10% of the adhesive force between the encapsulant 
material and the substrate material. In one 
embodiment, the degating region to which the 
encapsulant making up the to-be-removed gate is 

35 attached is gold. In another embodiment, the degating 
region is palladium. 

In a method according to the invention, an 
electronic device attached to a surface of a substrate 
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is encapsulated to form a packaged electronic device by 
the steps of: 1) forming a degating region on the 
substrate surface; 2) forming an encapsulant on the 
substrate surface to enclose the electronic device, the 
5 encapsulant material and the degating region material 
being chosen such that the adhesive force between the 
encapsulant material and the degating region material 
that contacts the encapsulant is less than the adhesive 
force between the encapsulant material and the 
10 substrate material; and 3) removing encapsulant formed 
on the degating region such that the electronic device 
remains enclosed by the encapsulant and the packaged 
electronic device is not damaged. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of' a typical 
ball grid array. 

Figures 2A and 2B are cross-sectional views of a 
conventional two-piece mold. Figure 2A is viewed along 

2 0 sectional line 2B-2B of Figure 2B. (Figure 2B is viewed 

along sectional line 2A-2A of Figure 2A. 

Figure 3 is a cross-sectional view of one type of 
three-piece mold. 

Figure 4 is a block diagram of a process according 
25 to an embodiment of the invention for forming a 

substrate-based packaged electronic device such as a 
ball grid array. 
*J)JS ^ p ig ur c s~ * S A and BR arc - a °fe >JLoQk diagram of procfloc 
^^'"according to another embodiment of the invention for 

3 0 forming a substrate-based packaged electronic device 

such as a ball grid array. 

Figure 6A is a plan view of a multiplicity of 
substrates formed in a strip according to an embodiment 
of the invention. 
35 Figure 6B is a plan view of the strip of Figure 6A 

after formation of a degating material on the 
substrates. 

Figure 6C is a plan view of one of the substrates 
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of Figure 6B. 

Figures 7A and 7B are a plan view and cross- 
sectional view, respectively, of a two-piece automatic 
mold for use in producing a substrate-based packaged 
5 electronic device according to the invention. 

Figure 8A is a side view of a packaged electronic 
device according to the invention immediately after 
hardening of the encapsulant. 

Figure 8B is a side view of a packaged electronic 
10 device according to the invention illustrating the 
removal of excess encapsulant. 

Figure 9 is a detailed plan view of a portion of a 
substrate strip according to the invention illustrating 
the placement of a mold runner with respect to a 
15 degating region formed on the substrate strip. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

According to the invention, a substrate-based 
packaged electronic device, such as a ball grid array, 

2 0 is produced using a standard two-piece mold. A novel 

degating region is formed on a surface of the 
substrate, e.g, printed circuit board (PCB) , that 
allows removal of excess encapsulant formed on the 
surface during molding without damaging the remainder 
25 of the packaged electronic device. The material of the 
novel degating region forms a weak bond with the 
encapsulant, relative to the bond formed between the 
encapsulant and the substrate, so that the encapsulant 
can be peeled away from the degating region without 

3 0 damaging the substrate or other portion of the packaged 

electronic device. 

Figure 4 is a block diagram of process 400 
according to an embodiment of the invention for forming 
a substrate-based packaged electronic device such as a 
35 ball grid array. 

In step 401, a substrate is prepared, as explained 
in more detail below with respect to Figure 5 for one 
particular embodiment of the invention. Briefly, a 
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surface of the substrate is patterned with an 
electrically conductive material, e.g., a metal such as 
copper, and some of the patterned areas are covered 
with an electrically insulative material. Vias and 
5 through-holes are formed in the substrate to 

interconnect electrically conductive material formed on 
opposite sides of the substrate. 

In step 402, a degating region is formed on a 
surface of the substrate to which an electronic device 

10 is to be attached. The degating region extends from 
the edge of the substrate to a location that, in the 
completed device, is at the edge of the encapsulant 
("package encapsulant") formed on the substrate surface 
to cover the electronic device. The degating region is 

15 located so that, when the substrate is placed in a 
mold, a mold runner is positioned over the degating 
region, the area of the substrate surface covered by 
the degating region fully encompassing the area covered 
by the mold runner. The degating region material that 

20 contacts the encapsulant is chosen to be a material 
that adheres poorly to the encapsulant material as 
compared to the adhesion between the encapsulant 
material and the substrate material. 

In step 4 03, an electronic device, such as an 

25 integrated circuit chip, is attached to the substrate 
surface in a device attach area. Attachment of the 
electronic device is performed using conventional 
materials and processes. The electronic device is also 
electrically connected to electrically conductive 

30 material formed in or on the surface of the substrate, 
using any of a number of conventional techniques such 
as wirebonding, flip chip connection (C4) or TAB. 

In step 404, encapsulant is formed on the 
substrate surface to enclose the electronic device and 

35 at least a portion of the degating region, as explained 
in more detail below. Briefly, the substrate is placed 
in a mold such that the electronic device is positioned 
in a mold cavity. Encapsulant is transferred into the 
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mold cavity through the mold runner until the cavity is 
filled. The encapsulant hardens and the mold is 
opened. Excess encapsulant is formed on the substrate 
surface where the mold runner was positioned when the 
5 substrate was in the mold and the mold closed. 

In step 405, the excess encapsulant is removed 
from the substrate surface. The mold runner is 
dimensioned such that the encapsulant has a small 
cross-sectional area at the interface between the 

10 excess encapsulant and the package encapsulant. The 
excess encapsulant is peeled away from the surface of 
the substrate and broken away from the package 
encapsulant enclosing the electronic device at the 
interface between the excess encapsulant and the 

15 package encapsulant. 

Because the degating region is formed of a 
material that adheres poorly to the encapsulant 
material, the excess encapsulant peels cleanly away 
from the degating region. Further, the degating region 

20 material and the small encapsulant cross-section at the 
interface between the excess encapsulant and package 
encapsulant enable the excess encapsulant to be broken 
away easily from the package encapsulant without 
pulling any of the package encapsulant away from the 

25 substrate surface, or twisting the substrate or 

encapsulant so as to damage the packaged electronic 
device, either cosmetically, mechanically or 
electrically. 

In step 406, structure for making external 

30 electrical connection, e.g., connection between the 

packaged electronic device and another mounting board, 
is formed on the packaged electronic device. The 
structure can be, for instance, solder bumps formed on 
a surface of the substrate, a plurality of leads 

35 attached to a surface of the substrate, or a piece of 
TAB tape attached to a surface of the substrate. 

Figures 5A and 5B are a block diagram of a process 
500 according to another embodiment of the invention 
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for forming a substrate-based packaged electronic 
device such as a ball grid array. 

In step 501, a multiplicity of standard double- 
sided PCB substrates are formed in a strip 
5 configuration. The strip of substrates is made of, for 
example, epoxy-glass or polyimide-glass. The PCB 
substrates can be multilayer substrates or single layer 
substrates. If multilayer substrates are used, 
electrically conductive traces and/or regions (e.g., 

10 ground planes or power planes) can be formed within the 
multilayer substrates and connected to exterior 
surfaces of the multilayer substrate with vias or 
through-holes . 

Figure 6A is a plan view of a multiplicity of 

15 substrates 601-607 formed in a strip 600 according to 
an embodiment of the invention. Though the strip 600 
includes seven substrates 601-607, a strip for use with 
the invention can include any number of substrates that 
is compatible with the manufacturing equipment, e.g., 

20 mold, being used. 

The strip 600 includes tooling holes 609 (for 
simplicity, only two tooling holes are denoted with the 
numeral 609 in Figure 6A) formed at intervals along 
opposite sides of the strip 600. The tooling holes 609 

25 are used to position the strip 600 on the various 

pieces of manufacturing equipment, e.g., mold, used in 
the production of a packaged electronic device 
according to the invention. 

The strip 600 also includes punching holes 608 

30 (for simplicity, only two are denoted with the numeral 
608 in Figure 6A) formed at the corners of each of the 
substrates 601-607. The punching holes 608 help avoid 
rough edges at the corners of the substrates 601-607 
when the substrates 601-607 are separated from the 

35 strip 600, as described in more detail below. A 

punching hole 608 is not formed at one corner of each 
of the substrates 601-607 where a degating region is 
formed, as described in more detail below (see Figure 
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6B) , so that material used to formed the degating 
region cannot undesirably fill the hole. 

The strip 600 further includes slots 616 (for 
simplicity, only one slot is denoted with the numeral 
616 in Figure 6A) formed at intervals along opposite 
sides of the strip 600 between the tooling holes 609. 
The slots 616 provide a stress relief for the strip 600 
to help control potential warping of the strip 600. 

Hereafter, the process 500 is generally described 
with respect to a single substrate. It is to be 
understood that each of the steps described below with 
respect to a single substrate is applied to each of the 
substrates 601-607 in the strip 600. 

In step 502, an electrically conductive material 
such as copper is formed on both sides of the substrate 
by, for instance, lamination using techniques and 
equipment as are well known in the art. Other methods 
of forming the electrically conductive material on the 
substrate surfaces can be used, such as sputtering, 
electroless plating. 

In step 503, vias and through-holes are formed in 
the substrate. Vias and through-holes can be formed by 
any of a number of well-known techniques including 
mechanical drilling or laser drilling. 

In step 504, the vias and through-holes are plated 
with an electrically conductive material, such as 
copper, using any of a number of well-known techniques, 
such as electroless plating. When plated, the vias and 
through-holes enable electrical connection to be made 
between electrically conductive material - such as 
traces, ground planes and power planes - formed in or 
on surfaces of the substrate or within the substrate. 
For example, vias or through-holes are necessary to 
make electrical connection between traces that extend 
from solder pads on one side of the substrate (formed 
as described below) and traces that are formed on an 
opposite side of the substrate and electrically 
connected to an electronic device attached to that side 
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of the substrate (also formed as described below) . 

In step 505, photoresist is formed over the 
laminated surfaces of the substrate using conventional 
techniques and materials, then imaged and developed. 
5 As is well-known, a mask is used to image only certain 
areas of the photoresist which, when developed, are 
removed to leave portions of the electrically 
conductive laminate material exposed. 

In step 506, the exposed electrically conductive 

10 laminate material is etched so that, when the remainder 
of the photoresist is removed, as explained below, a 
desired pattern. of electrically conductive material is 
left exposed on the substrate surfaces. The 
electrically conductive material is etched using an 

15 etchant and etch times that are appropriate for that 
material, as is well-known in the art. 

On one surface (device attach surface) of the 
substrate, electrically conductive material can be 
exposed in the device attach area if it is desired to 

20 electrically bias the backside of the electronic 

device., as is sometimes done with integrated circuit 
chips. Electrically conductive material is exposed to 
form an arrangement of electrically conductive traces 
around the device attach area. Electrically conductive 

25 material is also exposed in the degating region, 

described in more detail below, to allow electroplating 
of a degating material to the electrically conductive 
material in order to form a stronger attachment than 
would be formed if the degating material were formed 

3 0 directly on the substrate material. Electrically 

conductive material can also be formed in an annular 
ring around each of the vias or through-holes, if 
desired, to help ensure a good electrical connection 
between each via or through-hole and a corresponding 

35 trace on the surface of the substrate. 

On an opposite surface of the substrate (mounting 
surface) , electrically conductive material is exposed 
to form solder pads and associated traces. The solder 
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pads can be formed in any desired shape, e.g., 
circular, and in any desired pattern, e.g., a 
rectangular array. 

In step 507, the remaining photoresist is removed 
to expose the desired pattern of electrically 
conductive material. The photoresist is removed by 
stripping using solvent strippers and stripping times 
as are well-known. 

In step 508, solder mask, such as liquid photo- 
imagable solder mask or dry film solder mask, is used 
to cover the patterned surfaces of the substrate, then 
imaged and developed. The solder mask is applied by, 
for instance, laminating or screening. A mask is used 
to image only certain areas of the solder mask which 
are developed to leave electrically conductive material 
exposed, e.g., the degating region and the inner ends 
of the arrangement of electrically conductive traces 
around the device attach area. Areas at which it is 
necessary or desirable to form an electrical insulator 
over the electrically conductive material are left 
undeveloped, e.g., the outer portions of the 
arrangement of traces around the device attach area. 
The remaining solder mask defines the areas to be 
plated in the next step of the process . 

In step 509, a "degating material" is formed on 
the exposed electrically conductive material. The 
degating material can be, for example, plated using 
conventional techniques so that degating material is 
formed only on the electrically conductive material 
(which is, typically, metal such as copper) . The 
degating material is, illustratively, 20-40 microinches 
thick. 

Figure 6B is a plan view of the strip 600 of 
Figure 6A after formation of the degating material 614 
on the substrates 601-607. Figure 6C is a plan view of 
one of the substrates 601-607 of Figure 6B. (Each of 
the substrates 601-607 looks as pictured in Figure 6C.) 

In Figure 6B, solder mask is formed on the device 



-15- 




0068808.03 




attach area 610 and over the electrically conductive 
traces (except the inner ends 612, as described below) 
formed in a region 613. Figure 6C illustrates in more 
detail the electrically conductive traces, e.g., 
5 trace 621, and associated vias, e.g., via 622. A 

region 615 is a portion of the substrate that remains 
exposed through the solder mask. 

A plurality of holes 611 are formed through the 
solder mask on the device attach area 610 to allow 

10 electrical connection to electrically conductive 

material formed underneath the solder mask, thereby 
enabling biasing of the backside of the electronic 
device attached to the device attach area 610. The 
holes 611 can be formed in any desired pattern and have 

15 any desired size. In another embodiment of the 
invention, the holes 611 are not present and the 
backside of the electronic device is not biased. 

Since the inner ends 612 of the arrangement of 
electrically conductive traces around the device attach 

20 area are left exposed, degating material is formed over 
the inner ends 612. Thus, the degating material must 
be a material that allows a good bond to be formed with 
a structure for interconnecting the electronic device 
(attached to the substrate in a later step of the 

25 process) to the traces, e.g., a plurality of bond 
wires. For simplicity, the inner ends 612 of the 
traces are shown as a continuous region in Figure 6B. 
Figure 6C shows the individual inner ends 612 of the 
traces . 

30 Degating material is also formed in the exposed 

degating region 614. The degating region 614 is an 
area of the device attach surface over which a mold 
runner is positioned during encapsulation of the 
electronic device. As described above, it is necessary 

35 that encapsulant that hardens in the mold runner on the 
degating region 614 be easily separated from the 
degating region 614. Thus, the degating material must 
also be a material that adheres poorly with the 
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encapsulant material as compared to the adhesion 
between the encapsulant material and the substrate 
material. 

Additionally, in embodiments of the invention in 
5 which an electrically conductive device attach area is 
left partially or wholly exposed, the degating material 
is also formed over the exposed portions of the device 
attach area. The degating material is also formed on 
the solder pads on the mounting surface of the 

10 substrate to prevent oxidation of the solder pads. 

In one embodiment of the invention, the degating 
material is gold. Gold forms a good bond with gold or 
aluminum bond wires that can be used to attach the 
electronic device to the traces on the device attach 

15 surface of the substrate. Further, for typical 

encapsulant and substrate materials, the adhesion force 
between gold and the encapsulant material is much less 
than the adhesion force between the substrate material 
and the encapsulant material. 

20 Table I below presents adhesion data for 

illustrative encapsulant and substrate materials. The 
adhesion forces (in kilograms of force, kgf) between 
the encapsulant and the bare substrate, and between the 
encapsulant and gold, are given for a variety of 

25 combinations of encapsulant and substrate. The 

encapsulant materials designated as KMC210-9 and X-43- 
2215 are commercially available from Shin-Etsu of 
Japan. The substrate materials designated as CCL-HL802 
and CCL-HL83 2 are commercially available from 

30 Mitsubishi Gas Chemical of Japan. The substrate 

material designated as TL-01 is available from Teijin, 
Limited of Japan. The substrate material designated as 
R-4785 is commercially available from Matsushita of 
Japan. 

35 
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Table I 



Gold plating Bare substrate 
5 Substrate, Encapsulant (force in kgf ) (force in kgf ) 

CCL-HL8 02, KMC210-9 3.9 >4 0 

CCL-HL8 02 , X-43-2215 3.8 >40 

CCL-HL8 32 , KMC210-9 4.0 >40 

10 CCL-HL832, X-43-2215 4.5 >40 

TL-01, KMC210-9 3.8 >40 

TL-01, X-43-2215 3.5 >40 

R-4785, KMC210-9 3.9 >40 

R-4785, X-43-2215 4.0 >40 

15 

Thus, as is evident from Table I, for typical 
encapsulant and substrate materials, the adhesion force 
between gold and the encapsulant is approximately one 
20 tenth of the adhesion force between the substrate and 
the encapsulant. 

In another embodiment of the invention, the 
degating material is palladium. As gold, palladium 
also bonds well with conventional bond wire material 
25 and adheres to typical encapsulant materials much less 
than does the substrate material . 

As discussed above, the adhesive force between the 
degating material and the encapsulant material is less 
(and, in some embodiments, much less) than the adhesive 
30 force between the substrate material and the 

encapsulant material. In addition to the degating 
region and substrate, the encapsulant also contacts the 
solder mask that is formed on some areas of the 
substrate surface. Generally, the adhesive force 
35 between the encapsulant material and the solder mask 

material, and between the solder mask material and the 
substrate material is equal to or greater than the 
adhesive force between the substrate material and the 
encapsulant material. Consequently, the comparative 
40 data in Table I above apply with even greater force in 
comparing the adhesive force between the degating 
material and the encapsulant material to the adhesive 
force between the solder mask material and the 
encapsulant material or the substrate material. 
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Generally, then, the bond between the substrate and 
encapsulant is of greater concern than the bond between 
the solder mask and the encapsulant or substrate, and 
the description herein focuses specifically on the 
5 comparison between adhesion of the encapsulant material 
to the degating material and the substrate material. 
However, it should be noted, and it is within the ambit 
of the invention, that the adhesive force between the 
degating material and the encapsulant material be 

10 reduced with respect to the adhesive force between the 
solder mask material and either the substrate material 
or encapsulant material in the same manner as described 
herein with respect to the adhesive force between the 
substrate material and encapsulant material. 

15 In step 510, an electronic device such as an 

integrated circuit chip is attached to the device 
attach area of the substrate. The electronic device is 
attached with a conventional adhesive using 
conventional processes and equipment. The adhesive can 

20 be electrically conductive, e.g., silver filled epoxy, 
if it is desired to bias the body of the electronic 
device by electrically connecting the body to exposed 
electrically conductive material formed in the device 
attach area. Alternatively, the electronic device can 

25 be eutectically bonded to the substrate. 

The electronic device is electrically connected to 
electrically conductive material formed in or on the 
surface of the substrate, such as the arrangement of 
electrically conductive traces around the device attach 

30 area mentioned above, by, for example, wirebonding, 
flip chip connection (C4) or TAB. Conventional 
equipment and processes can be used to make the 
electrical connection. In one embodiment of the 
invention in which the degating material is gold, 

35 electrical connection between the electronic device and 
the substrate is made with gold or aluminum bond wire. 

In step 511, the strip of substrates is placed in 
a mold for encapsulating the electronic devices formed 
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on the substrates. Figures 7A and 7B are a plan view 
and cross-sectional view, respectively, of a two-piece 
automatic mold 700 for use in producing substrate-based 
packaged electronic devices according to the invention. 
5 The mold 700 is similar to the mold 201 (Figures 2A and 
2B) described above. Generally, encapsulation of the 
electronic device in a substrate-based packaged 
electronic device according to the invention can be 
done using any conventional two-piece mold. 

10 As seen in Figure 7B, the mold 700 includes a 

first mold section 702 (upper mold section) and a 
second mold section 703 (lower mold section) . A strip 
701 of substrates is positioned between the upper mold 
section 702 and the lower mold section 703 on either 

15 side of a plurality of pots 703a formed in the lower 
mold section 703. A plurality of mold cavities 702a 
are formed on opposing sides of each pot 703a. A die 
(not shown) is attached to each substrate in the 
substrate strip 701 such that the die is positioned in 

2 0 a corresponding one of the mold cavities 702a. A mold 

runner 702b extends from each pot 703a to each of a 
corresponding pair of the mold cavities 702a. 

In step 512 (Figures 5A and 5B) , encapsulant (not 
shown) is transferred from each of the pots 703a 
25 (Figures 7A and 7B) to corresponding mold cavities 702a 
by lowering a transfer ram 7 04 into each pot 703a to 
force encapsulant (not shown) from the pot 703a into 
the mold cavities 702a. After the mold cavities 702a 
are filled, the encapsulant is cured to harden 

3 0 according to a time/temperature profile that is 

appropriate for the encapsulant being used. Instead of 
transfer molding, the encapsulant can be formed by 
injection molding or reaction injection molding. The 
encapsulant is generally either a thermoplastic 
35 (typically used in transfer molding) or thermoset 
(typically used in injection molding) compound. 
Illustratively, one of the compounds in Table I above 
are used. 
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Figure 8A is a side view of a packaged electronic 
device 8 00 according to the invention immediately after 
hardening of the encapsulant. For clarity in the 
explanation of Figure 8A, and Figure 8B below, the 
5 mold 700 is not shown. 

After the encapsulant hardens, the encapsulant 
(package encapsulant) 805a within the mold cavity 702a 
(Figures 7A and 7B) is formed over the electronic 
device, as desired. However, the encapsulant (excess 

10 encapsulant) 805b is also formed on the substrate 

surface where the mold runner 702b was positioned, and 
extends from the package encapsulant 8 05a to the 
encapsulant 805c within the pot. The excess 
encapsulant 805b must be removed before the packaged 

15 electronic device 8 00 is complete. 

In step 513 (Figures 5A and 5B) , the excess 
encapsulant 805b is removed from the packaged 
electronic device 800 in a process known as "degating." 
Figure 8B is a side view of the packaged electronic 

20 device 8 00 illustrating degating of the excess 

encapsulant 805b. Degating is performed at a degating 
station using conventional equipment and techniques. 
In degating, the substrate 801 is tilted with respect 
to the excess encapsulant 805b as shown in Figure 8B. 

25 Since, as explained in more detail above and below, the 
excess encapsulant 805b does not adhere strongly to the 
degating region, as the substrate 801 is tilted, the 
excess encapsulant 805b peels away from the degating 
region. Eventually, since the cross-section of the 

30 excess encapsulant 805b is small at the interface 

between the excess encapsulant 805b and the package 
encapsulant 805a, the excess encapsulant 805b is 
snapped off at the interface, leaving only the package 
encapsulant 805a on the packaged electronic device 800. 

35 Degating, as described above, can be automated as part 
of the encapsulation process in an automold system, or 
can be done as a separate and distinct process step if 
a manual two-piece mold is used. 
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Figure 9 Is a detailed plan view of a portion of a 
substrate strip 900 according to the invention 
illustrating the placement of a mold runner 903 with 
respect to a degating region 902 formed on the 
5 substrate strip 900. Figure 9 also illustrates the 

outline of a substrate 901, a device attach surface 904 
and a package encapsulant 905 that encloses the 
electronic device (not shown) . 

The degating region 902 extends from off of the 

10 substrate 901 to the edge of the package encapsulant 

905. In one embodiment, the degating region 902 has a 
width 912a of, 3.4 mm off of the substrate 901 and a 
width 912b of 1.5 mm near the edge of the package 
encapsulant 905. The mold runner 903 is approximately 

15 centrally positioned within the outline of the degating 
region 902. In one embodiment, the mold runner 903 has 
a width 911a of 2.0 mm above the portion of the 
degating region 902 off of the substrate 901, and 
gradually necks down to a width 911b of 1.25 mm 

20 adjacent the edge of the package encapsulant 905. 

Generally, it is only necessary that the width of the 
mold runner 903 be smaller than the width of the 
degating region 902. The height (perpendicular to the 
plane of Figure 9) of the mold runner 903 also necks 

25 down from a first height above the portion of the 
degating region 902 off of the substrate 901 to a 
second height, less than the first height, adjacent the 
edge of the package encapsulant 905. The exact 
dimensions associated with the necking down of the mold 

30 runner 903 are established according to principles well 
known in the art of molding. 

Since the edges of the mold runner 903 are 
entirely within the area of the degating region 902, 
the excess encapsulant formed within the mold runner 

35 903 contacts only the degating region 902. Since the 
degating region material adheres poorly to the 
encapsulant material, the excess encapsulant peels away 
from the degating region 902 easily without damaging 
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the surface of the substrate 901 or adhering to the 
substrate 901 so as to cause the substrate strip 900 to 
twist or otherwise deform., The small cross-section of 
the mold runner 903 adjacent the edge of the package 
5 encapsulant 905 enables the excess encapsulant to be 
readily broken off from the package encapsulant 905. 

In step 514, solder bumps are formed on the solder 
pads on the mounting surface of the substrate by 
coating with solder plating, reflowing with solder 

10 paste or solder spheres, or other appropriate method. 

Illustratively, the solder bumps are made of a tin-lead 
alloy. Each of the solder bumps is electrically 
connected to the electronic device, e.g., a bond pad on 
an integrated circuit chip, through a trace formed on 

15 the mounting surface, a via formed through the 

substrate (or a combination of vias and trace (s) formed 
within the substrate) , a trace formed on the device 
attach surface and, illustratively, a bond wire. After 
formation of the solder bumps, a multiplicity of 

20 packaged electronic devices have been formed and are 
connected together in a strip. 

Alternatively, rather than forming solder bumps, a 
leadframe or a TAB tape leads could be attached to the 
mounting surface of each substrate to provide a 

25 structure for making external electrical connection 

from the packaged electronic device. In this case, the 
leads of the leadframe or TAB tape could be attached 
directly to the vias or through-holes formed in the 
substrate, or the leads could be attached to 

3 0 electrically conductive traces extending from the vias 
or through-holes toward the edge of the substrate. 

In step 515, the strip of packaged electronic 
devices is removed from the mold and the packaged 
electronic devices are separated from each other, 

3 5 resulting in a multiplicity of completed ball grid 

arrays. The packaged electronic devices are separated 
by, for example, punching, sawing or snapping. 
Punching holes (e.g., punching holes 608 of Figure 6A) 
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may be formed in the strip to aid in the separation of 
the substrates from the strip. Additionally, the strip 
can be scored to define each substrate and the 
substrates separated from the strip along the scoring 
5 line. 

In the above description, a single electronic 
device is attached to a surface of the substrate. 
Typically, the electronic device is an integrated 
circuit chip; however, the electronic device can be 

10 another type of active component such as a transistor 
or diode, or a passive component such as a resistor, 
capacitor or inductor. Further, more than one 
electronic device can be attached to a substrate 
surface. The multiple electronic devices are all 

15 enclosed within the package encapsulant. 

According to the invention, as illustrated in the 
embodiments described above, a substrate-based packaged 
electronic device can be formed using conventional 
equipment for attachment of the electronic device to 

20 the substrate, electrical connection of the electronic 
device to the substrate, and molding of encapsulant to 
enclose the electronic device. Further, a plurality of 
packaged electronic devices according to the invention 
can be manufactured at one time in a strip 

25 configuration. Consequently, packaged electronic 
devices according to the invention can be produced 
quickly and at low cost. 

In particular, a degating region that allows easy 
removal of excess encapsulant is provided without 

3 0 introducing additional steps into the process for 

forming a substrate-based packaged electronic device. 
This is because the degating material is the same 
material and is applied at the same time as material 
used to plate other electrically conductive material on 

35 the substrate. Thus, the invention provides good 
degating at no additional cost. 

The presence of the degating region eliminates the 
necessity of using a three-piece or modified two-piece 
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mold to achieve top gating in order to degate without 
damaging the packaged electronic device. Consequently, 
the problems associated with three-piece and modified 
two-piece molds are avoided. The large amount of 
5 existing two-piece mold equipment can be used, thus 
reducing production costs. Either conventional or 
automatic two-piece molds can be used. 

Various embodiments of the invention have been 
described. The descriptions are intended to be 
10 illustrative, not limitative. Thus, it will be 
apparent to one skilled in the art that certain 
modifications may be made to the -invention as described 
without departing from the scope of the claims set out 
below. 

15 
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